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1. Introduction

A major focus of any structural reforms program is to put the
country on a higher growth trajectory on a sustainable basis. A key
component of achieving sustainable growth is to register consistent
improvements in productivity. In fact, a significant body of literature
has confirmed that the gap in incomeper capita between rich and poor
countries is associated with large cross-country differences in total
factor productivity (Hall and Jones, 1999; Howitt, 2000; Klenow and
Rodriguez-Clare, 1997; Klenow and Rodriguez-Clare, 2005). Whether
and to what extent such productivity differences can be traced to dif-
ferences in manufacturing productivity remains an area of on-going
debate. Evidence on this score is far from unambiguous; some studies
report manufacturing productivity as an important factor for differen-
tial economic growth across nations (Dollar andWolff, 1993; Van Bart,
1993; Van Bart and Pilat, 1993), others find it to be much less relevant
(Caves et al., 1982; Harrigan, 1999; von Wachter, 2001).

We employ the natural experiment of the economic reforms to
examine the interface between economic reforms and total factor
productivity (TFP) of industries at the 3-digit level, using India as a
case study. The production function is estimated following the meth-
odology suggested by Levinsohn and Petrin (2003) so as to control
l Petrin for the clarifications of
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rights reserved.
for endogeneity problems that emanate from the simultaneous choice
of inputs and output by the industry.

Studies on this aspect for India report changes in productivity
(either improvement or declines) in the post-reform period, but do
not quantify the period over which such productivity gains occur.
Following from Aghion et al. (2005), since the pre-reform productivity
(andconsequently, the technological capability) of industries is expected
to differ significantly, it seems likely that economic reforms would fur-
ther magnify the productivity differentials. Accordingly, we explore the
time period over which changes in productivity accrue to industries. In
addition, we also introduce a set of industry-level variables to ascertain
which set of factors plays an important role in influencing productivity.

The choice of India as a case study rests on three considerations. First,
India is presently one of themost important emerging economieswith a
rich history of industrial controls. These controls were introduced in the
aftermath of independence in order to dovetail investment into desir-
able areas within a mixed economy framework through a process of
industrial licensing. Second, like most developed economies, India has
a large and diversified manufacturing sector. Over time, industries
have tended to develop distinct characteristics, driven by a combination
of regulatory policies as well as factors internal to the organization. The
question, therefore, remains as towhat extent productivity varies across
industries. Third, India has a rich history of industry-level database. The
cross-sectional and time series variation in the data makes it amenable
to econometric analysis and provides an ideal laboratory to examine
the factors affecting TFP and its interaction with economic reforms.

The study contributes to the extant literature in a few important
ways. First, it expands the literature on industrial productivity in
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the context of an emerging economy. The study of productivity is
relevant because productivity is a catch-all measure of performance.
Thus, productivity analysis may be pertinent to those involved in
M&A issues, like industry practitioners and competition authorities.
Also, to the extent that low productivity can act as an early warning
signal, policy practitioners can utilize productivity measures as an
additional monitoring instrument.

Second, the study is also related to the channels of monetary
transmission. Following from the literature, we distinguish between
the financial accelerator channel, in addition to the traditional inter-
est rate channel, by constructing proxies that act as determinants of
these channels. By regressing the productivity responses on a set of
independent variables that acts as proxies for these channels, we
are able to discern which sets of variables are influential in explaining
the variation in manufacturing productivity response in the Indian
case.

Third, the paper examines the role of institutions, focusing on
labor laws in general and industry-level trade unionism, in particular.
Besley and Burgess (2004), for instance, document that states with
more pro-labor regulation had lower levels of manufacturing devel-
opment. These states also exhibited higher levels of unionization.
Ever since their work, a substantial volume of literature has examined
the consequences of constrictive labor rules on state manufacturing
output in India (Aghion et al., 2008; Ahsan and Pages, 2009; Hasan
et al., 2007; Sanyal and Menon, 2005). Judged from this standpoint,
it can be argued that the regulatory framework governing industrial
disputes could be an important ingredient influencing industrial pro-
ductivity, an aspect we consider in our analysis.

Fourth, the paper also explores the micro and macroeconomic
factors influencing productivity. Observers have highlighted the role
of several factors, both at the microeconomic level such as industry
size, capital intensity and leverage as well as macroeconomic level
including trade, industrial and financial policies in influencing pro-
ductivity growth, although none have considered these factors in a
holistic fashion. By taking on board both the microeconomic (industry
characteristics) as well as the macroeconomic factors, it provides a far
more comprehensive picture of the reasons for productivity changes
across industries than that considered by previous researchers.

Finally, the paper recognizes the role of human capital in influenc-
ing manufacturing productivity in India. Starting with the seminal
work of Schultz (1961) and Becker (1964), a significant body of
research has demonstrated the importance of human capital in fos-
tering economic growth (Lucas, 1988; Mankiw et al., 1992; Romer,
1990). In the Indian context, Bosworth and Collins (2008) for instance
demonstrate a positive impact of human capital on India's output
growth. However, studies on Indian manufacturing fail to take this
aspect on board, an area that the present analysis seeks to address.

The remainder of the analysis continues as follows. In Section 2,
we provide an overview of the Indian industrial experience, as appro-
priate, and the position of this paper in that context. Section 3 describes
the methodology to be applied in the empirical sections. Section 4
discusses data-related issues. Section 5 estimates the coefficients of
the production function, from which the industry level productivity
measures are calculated. Section 6 studies the determinants of manu-
facturing productivity and explores the interface between reforms and
productivity. Contextually, it also highlights the role played by various
industry-level factors. Section 7 concludes the paper.

2. Industrial policy and growth

The introduction of the concept of a socialist economy in the
1960s with its concomitant focus on poverty reduction, egalitarian-
ism and social equality meant that the Federal government pursued
highly restrictive policies with respect to trade, industry and finance.
The process of transition towards self-reliance, driven to an overarch-
ing extent by concerns of ‘export pessimism’ among developing
nations nested on the logic of heavy-industry oriented industrializa-
tion within a closed economy framework. Such a policy engendered
the need for industrial licensing whereby firms had to apply for a
license for setting up new units or for capacity expansion. In effect,
the policy exerted multiple controls over private investment that
limited areas in which private investors were allowed to operate
and also determined the scale of operations, the location of new
investments and even the technology employed. This was buttressed
by a highly protective trade policy, often providing tailor-made pro-
tection to each sector of industry. The costs imposed by these policies
have been extensively studied (Bhagwati and Desai, 1970; Bhagwati
and Srinivasan, 1975; Mookherjee, 1995), and by 1991, a consensus
emerged on the need for greater liberalization and openness.

The structural break engendered by economic reforms laid strong
emphasis on enabling markets and globalization coupled with lower
degrees of direct government involvement in economic activities.
The list of industries reserved solely for the public sector was gradu-
ally scaled down and reduced to three: defense aircrafts and war-
ships, atomic energy generation and railway transport. The process
of industrial licensing by the Federal government was abolished,
except for a few hazardous and environmentally-sensitive industries.
The requirement that investment by large houses needs a separate
clearance under the Monopolies and Restrictive Trade Practices Act to
discourage the concentration of economic power was replaced by a new
competition law that focused on regulating anti-competitive behavior.

The net effect of these measures was a modest improvement in
industrial growth. From an average of 4% in the 1970s and around
6.5% in the 1980s, industrial growth averaged around 6% during
1991–2004, perhaps reflecting the effect of liberalization of various
controls. Over the entire period beginning 1980 through 2004, indus-
trial growth has been roughly of the order of 6.1% (Kohli, 2006).

Concomitant with the process of deregulation, there have also
been attempts to ascertain when economic reforms have led to any
perceptible changes in manufacturing productivity (See, for example,
Balakrishnan et al., 2006; Balakrishnan and Suresh Babu, 2003;
Goldar, 1986; Srivastava, 1996). Studies on this count are inconclu-
sive, at best. Early studies documented a decline in TFP during the
1970s and a turnaround (driven primarily by an increase in labor pro-
ductivity) in the first half of the 1980s (Ahluwalia, 1991). These find-
ings were echoed in several other studies (Ray, 2002; Krishna and
Mitra, 1998; Pattnayak and Thangavelu, 2005; Unel, 2003) which
also reported improvements in TFP, post reforms. Others (Goldar
and Kumari, 2003) have, however, uncovered evidence that economic
reforms adversely impacted productivity. By way of example, Goldar
and Kumari (2003) indicate a fall in the growth rate of TFP in Indian
manufacturing from 1.9% per annum during 1981–1991 to 0.7% during
1991–98. Balakrishnan et al. (2000) and Srivastava (2001) also identify
a slowdown in TFP growth in Indian manufacturing in the post-reform
period. Contextually, Driffield and Kambhampati (2003) report im-
provements in firm-level efficiency across six manufacturing industries
in India, which they attribute more to the effect of trade liberalization.
However, the methodology of TFP computation in these studies suffers
from several shortcomings. To address this deficiency, we employ ad-
vanced econometric techniques to compute productivity and subse-
quently relate it to the set of factors, both at the industry and
economy-wide level, to ascertain the factors influencing them.

The analysis which comes closest to the spirit of the present paper
is Aghion et al. (2005). Using data on 3-digit manufacturing industries
for 16 major Indian states covering 1980–97, they address the issue
as to how technological capability of industries affects their response
to a ‘shock’, defined as the trade liberalization in 1991. Although
this shock was common across firms in the same industry; however,
firms in different states in the same 3-digit industry varied in terms
of their level of pre-reform productivity, which was taken as a
proxy of their technological capability. The results demonstrated
that state-industries with higher pre-reform technological capability
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exhibited greater increases in total factor productivity (TFP), follow-
ing reform. The present analysis also seeks to decipher the response
of industries to a shock. In contrast to Aghion et al. (2005) however,
the ‘shock’ in the present case is the economic reforms program initi-
ated in 1991. Unlike their analysis however, the focus of the present
analysis is on productivity change across industries.

To anticipate the results, the evidence appears to suggest that pro-
ductivity improvements are reliably lower after reforms than prior to
reforms. The findings also emphasize the importance of interest rate,
financial accelerator and labor market variables in explaining produc-
tivity at the sectoral level. At the macroeconomic level, factors such as
trade policy, credit availability and foreign direct investment are
found to be important in explaining productivity growth.

3. Methodology for productivity computation

The traditional approach for productivity measurement estimates
a production function and subsequently utilizes the residuals not
explained by the factor inputs (capital, labor) as a proxy for total fac-
tor productivity. However, when estimating the production function,
it is important to account for the correlation between input levels and
productivity, as profit maximizing firms respond to increase in pro-
ductivity by increasing use of factor inputs. Therefore, methods that
ignore this endogeneity such as OLS or the fixed effects estimator
could provide inconsistent parameter estimates.1

Consider a standard Cobb–Douglas production function:

Ys;t ¼ As;tK
α
s;t Lβs;tes;t ð1Þ

where Y is output, A, K and L denote total factor productivity (TFP),
capital and labor in sector s at time t respectively and e is a random
disturbance term. Upon taking natural logarithms and re-arrangement,
we obtain:

ys;t ¼ αks;t þ βls;t þωs;t þ εs;t ð2Þ

where lower case letters denote log values,ωs,t=ln(As,t) and εs,t=ln(es,t).
The basic problem in estimating (unobserved) sector- and time-specific
productivity is that the decision maker may observe it, but the analyst
does not. In such a case, there is a simultaneity problem, which would
suggest that the variable inputs and ωs,t are correlated. As a result, ordi-
nary least squares (OLS) would lead to inconsistent estimates. There are
several techniques in the literature to overcome the endogeneity problem
in the production function (Van Biesebroeck, 2007). Using instrumental
variables that are uncorrelated with productivity is a useful way to
address the problem. Finding valid instruments however, remains a
major hurdle. Olley and Pakes (1996) proxy for ωs,t by introducing an
investment function:

invs;t ¼ f t ωs;t ; ks;t
� �

ð3Þ

which, if inv is monotonically increasing in ωs,t, can be inverted and then
substituted into the production function. A major shortcoming of this
approach is that this procedure requires strictly positive investment and
1 A weakness of the Cobb–Douglas production function is that it restricts the techni-
cal change to Hicks-neutral and the elasticity of substitution between labor and capital
to 1 (Rodrik, 1998). In view of this, several studies have adopted a flexible functional
form, such as the translog production function. Both types of functional forms are quite
common in the literature (Syverson, 2011). In the Indian case, while several studies
(Goldar, 2004; Virmani and Hashim, 2011) have employed translog production func-
tion, yet others (Bas and Berthou, 2011; Sivadasan, 2009; Topalova and Khandelwal,
2011) have employed the Levinsohn–Petrin approach. Internationally as well, studies
have been increasingly relying on the L–P method for productivity estimation (Arnold
and Javorcik, 2009; Cuaresma et al., 2012; Konings and Vanormelingen, 2010; Van
Biesebroeck, 2007) owing to the fact that it is better able to address the endogeneity be-
tween inputs and outputs. We employ the latter approach for productivity estimates.
as a result, observations with zero or negative investment have to be
dropped from the data. Levinsohn and Petrin (2003) suggest the use of
intermediate inputs as a valid proxy, since firms typically report positive
use of intermediate inputs. Consider the intermediate input demand
function:

ms;t ¼ gt ωs;t ; ks;t
� �

ð4Þ

which, ifms,t is monotonically increasing inωs,t, can be inverted to obtain

ωs;t ¼ g−1
t ms;t ; ks;t

� �
: ð5Þ

The only additional assumption needed to proceed with produc-
tivity estimation is that it follows a first-order Markov process.
Substituting Eq. (5) into Eq. (2) gives Eq. (6):

ys;t ¼ αks;t þ βls;t þ g−1
t ms;t ; ks;t

� �
þ εs;t ð6Þ

which can be re-arranged as:

ys;t ¼ βls;t þ ϕt ms;t ; ks;t
� �

þ εs;t ð7Þ

where, ϕt(ms,t,ks,t)=αks,t+gt
−1(ms,t,ks,t). The function ϕt can be esti-

mated with a third-order polynomial approximation in ms,t and ks,t,
and thus this first stage of the estimation yields the estimate βˆ of β.

Since it cannot be identified separately when estimating Eq. (7),
the coefficient on capital, α is obtained in a second estimation stage.
From Eq. (7), it is possible to compute an estimated value of ϕt

ˆ which
can be used to compute a prediction for ωs,t for any candidate value α*
using ωs;tˆ ¼ φt

ˆ −α�ks;t . Using these values, a consistent approximation
of the expected valueωs,t is given by the predicted value of the regression:

ω
ˆ

s;t ¼ γo þ γ1ωs;t−1 þ γ2ω
2
s;t−1 þ γ3ω

3
s;t−1 þ υs;t : ð8Þ

Then, the estimate of α is found as the solution to minimizing
the sample residual of the production function with respect to α*.
This procedure is implemented in STATA using the levpet command,
which has been written by Levinsohn, Petrin and Poi (see also,
Petrin et al., 2004). Although initial studies using this methodology
were conducted using firm-level data, it has been subsequently
employed to estimate productivity at the aggregate level as well
(Vial, 2006; Albanese, 2010; Kathuria et al., 2011).

Industry-level (natural log of) total factor productivity (tfp) is com-
puted as the difference between actual and fitted output, according as:

tf ps;t ¼ ys;t−α
ˆ
ls;t−β

ˆ
kst: ð9Þ

Using the above expression, we compute an index of TFP in the
following way. Let A denote the index of TFP. The TFP value in the
base year for each industry is taken as 100. Then, the index for subse-
quent years, At, is computed using the following expression:

At ¼
100

TFP in base year

� �
� TFP in following year: ð10Þ

Based on these indices, TFP growth (tfpg) for each industry(s)–
year(t) pair is computed according as:

tfpgs;t ¼
As;t−As;t−1

� �
As;t−1

� 100: ð11Þ

Owing to the computation of growth rate, one year of observation
for each industry is lost from the sample.
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Having obtained the TFP growth figures, we first examine the role
of industry-specific factors on productivity. Subsequently, we exam-
ine the time frame over which economic reforms impact productivity,
using a multivariate regression framework. More specifically, we
analyze the impact of the economic reform cycle on productivity.
This contrasts with previous studies which explore the one-off effect
of reforms on industrial productivity in India (Goldar, 2002;
Srivastava, 2001; Trivedi et al., 2000; Virmani and Hashim, 2011).
Finally, we investigate the impact of economic policies on industrial
productivity. A significant body of literature attributes the same to
trade reforms (Chand and Sen, 2002; Das, 2003b; Krishna and Mitra,
1998; Topalova and Khandelwal, 2011), whereas others focus on the
importance of reoriented industrial policies (Kalirajan and Bhide,
2004) or FDI (Chawla, 2007; Vadlamannati, 2009); yet others point
to the ease of credit availability as a crucial ingredient for improved
productivity performance (Reddy, 2005). Which set(s) of policies
exerted a pronounced effect on industrial productivity remains to
be empirically examined.
3 The gross investment at time t, It is given by It=[Bt−Bt−1+Dt)/Pt, where B is the
book value of fixed assets at end of year t, Dt is the amount of depreciation allowances
during the year t and P is the capital goods price deflator. The capital goods deflator,
following previous research for India (Goldar and Kumari, 2003) is the weighted aver-
age of price indices of construction and machinery is used, the weights being the rela-
tive magnitudes of these two categories of assets in the base year. For construction, the
implicit price deflator computed as the ratio of the index of gross domestic capital for-
mation at current and constant (1970–71) prices obtained from the National Accounts
Statistics (CSO). For machinery and transport equipment, two price indices, one for ma-
chinery produced domestically and the other for imported machinery, are combined.
For domestic machinery, the official Wholesale Price Index Number of Machinery and
Transport Equipment from the Reserve Bank of India (RBI) is used. For imported machin-
ery the unit value index of imports (UVIM) from the International Financial Statistics (IFS)
is used. These two price indices are combined in the ratio of 3:1 on the premise that the
4. Variables and data sources

4.1. Variables

In order to calculate productivity, we need to define the output
and inputs. Consistent with previous research for India, we employ
gross output as the measure of output (Balakrishnan et al., 2000;
Krishna and Mitra, 1998; Majumdar, 1996; Sivadasan, 2009). It has
been argued that an important advantage of focusing on gross output
for growth accounting is that intermediate inputs can be treated sym-
metrically with inputs of capital and labor (Jorgenson, 1988). In the
Indian case, Balakrishnan and Pushpangadan (1994) have shown that
employing gross value added as the output measure might not be ap-
propriate, especially if material prices do not move parallel to output
prices. In the present case, gross output is defined as the ex-factory
value of products and by-productsmanufactured during the accounting
year. The nominal output has been converted into real terms by
employing the wholesale price index (WPI) for the relevant industry
groups, obtained from the Office of the Economic Advisor, Ministry of
Commerce and Industry, Government of India. These have been arith-
metically brought to a common case (1993–94=100).

The number of workers is taken as the measure of labor input.
This includes all persons employed directly or through any agency
and engaged in any direct (e.g., factory floor) or indirect (e.g., cleaning
any part of the machinery or premises used in manufacturing) manu-
facturing process or in any other kind ofwork incidental to or connected
with themanufacturing process. In effect, this comprises of administra-
tive, technical, clerical staff and also labor utilized in the production of
capital assets for the factory's own use. Implicit in such a definition is
the assumption that all kinds of workers are perfect substitutes, which
might not be a true reflection of reality.

In the Indian case, there is available data on the overall indicator of
human capital (e.g., average years of schooling, number of graduates).
Bosworth and Collins (2008) for instance, demonstrate a positive im-
pact of human capital on India's output growth. However, there is no
information available on the educational attainment of workers in the
manufacturing sector. Given that the education levels of the popula-
tion vary markedly, it might not be appropriate to employ the overall
educational indicators of the population at the sectoral level. In order
to address this shortcoming, we weigh the number of workers by the
wage rate to obtain a labor quality index.2 To the extent that wages
are based on “observable” labor quality, this would suggest that a
more educated worker would be weighted higher as compared to a
less educated one.
2 The wage rate is calculated as (Total wages paid/Number of workers).
To compute the stock of capital, K, at each point in time, we use
the perpetual inventory equation:

Kt ¼ It þ 1−δð ÞKt−1 ð12Þ

where It is investment and δ is the depreciation rate. Following Caselli
(2005), the initial capital stock K0 is computed as K0= I0/(μ+δ),
where I0 is the value of investment series in the first year of its avail-
ability and μ is the average geometric growth rate for the investment
series between the first year with available data (i.e., 1974) and 1980.
We assume the value for the depreciation rate, δ of 5%, following ear-
lier evidence for India (Unel, 2003).3

In addition to capital and labor, we employ data on materials and
fuels together as the intermediate input. The former represents
the total deliverable value of all items of raw materials, components,
chemicals, packing materials and stores which actually enter the pro-
duction process. Fuels, on the other hand, represents the total purchase
value of all items of fuels such as coal, liquefied petroleum gas, petrol,
electricity, lubricants, water etc. consumed during the year. This has
been converted into real terms using the industry-specific WPI, as
mentioned earlier.

4.2. Data sources

The study utilizes several sources of data. The basic source of the
data is the Annual Survey of Industries (hereafter, ASI) database.
The Economic and Political Weekly (EPW, 2007) has created a system-
atic, electronic database using ASI results for the period 1973–74 to
2003–04. Despite its shortcomings, it has been increasingly used to
analyze the effects of particular policies, such as liberalization of trade
or de-licensing (Aghion et al., 2005, 2008; Chamarbagwala and
Sharma, 2011; Chari, 2009; Sivadasan, 2009; Topalova and Khandelwal,
2011). Concordance has been worked out between the national indus-
trial classifications (NIC) used till 1988–89 and that used thereafter
(NIC-1970, NIC-1987 and NIC-1998). From the database, the series on
output and input (undeflated) has been extracted for various three-
digit industries, aggregating a total of 45 industries. Data have been
culled out on several variables: gross output, number of workers, num-
ber of factories, gross fixed capital formation, loan outstanding, working
capital, interest payments, depreciation and intermediate inputs (sepa-
rate series are constructed for materials and fuels, respectively).

Besides, we also use information on the number of trade union
members. A major limitation of this variable is that the number of
trade union members is reported only from unions submitting
returns. Moreover, submission of these returns is purely voluntary.
As a result, these numbers could be under-estimates, since it does
not take cognizance of the members of non-reporting unions. Infor-
mation on this variable is obtained from the Indian Labor Yearbook,
published by the Ministry of Labor, Government of India.

Finally, we use information on certain financial variables, which
were obtained from the Handbook of Statistics on Indian Economy, a
proportion of imported machinery in total investment in machinery has been declining
over time.



Table 1
Estimation of production function parameters.

OLS LP

Constant 3.812 (0.119)***
Ln (workers) 0.371 (0.019)*** 0.302 (0.061)***
Ln (capital) 0.627 (0.112)*** 0.551 (0.146)***
Ln (materials) 0.085 (0.021)***
Time period 1981–2004 1981–2004
Industry, N. obs 45; 1070 45; 1070
Test: constant returns to scale 3.84(0.00)*** 1.06 (0.30)

Standard errors in parentheses.
***, ** and * indicate significance at the 1, 5 and 10% levels, respectively.
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yearly publication by the Indian central bank which contains time-
series details on macroeconomic and monetary variables.

5. Estimation of manufacturing productivity

Table 1 presents the production function coefficients estimated
through the Levinsohn–Petrin (L–P) algorithm, alongside the coeffi-
cients obtained through OLS methodology. The estimates reveal that
Table 2
Descriptive statistics for TFP growth by industry.

Ind. code Industry name

152 Manufacture of dairy products
153 Manufacture of grain mill products,
154 Manufacture of other food products
155 Manufacture of beverages
160 Manufacture of tobacco products
171 Spinning, weaving and finishing of textiles
172 Manufacture of other textiles
173 Manufacture of knitted and crocheted fabrics and articles
181 Manufacture of wearing apparel, except fur apparel
191 Tanning and dressing of leather, etc.
192 Manufacture of footwear
202 Manufacture of products of wood, etc.
210 Manufacture of paper and paper product
222 Printing and service activities related to printing
231 Manufacture of coke oven products
232 Manufacture of refined petroleum products
241 Manufacture of basic chemicals
242 Manufacture of other chemical products
251 Manufacture of rubber products
252 Manufacture of plastic products
261 Manufacture of glass and glass products
269 Manufacture of non-metallic mineral products n.e.c.
271 Manufacture of Basic Iron & Steel
272 Manufacture of basic precious and non-ferrous metals
281 Manufacture of structural metal products, etc.
289 Manufacture of other fabricated metal products
291 Manufacture of general purpose machinery
292 Manufacture of special purpose machinery
293 Manufacture of domestic appliances, n.e.c.
300 Manufacture of office, accounting/computing machinery
311 Manufacture of electric motors, generators and transformers
313 Manufacture of insulated wire and cable
314 Manufacture of accumulators, primary cells and batteries
319 Manufacture of other electrical equipment n.e.c.
321 Manufacture of electronic valves/components
331 Manufacture of medical appliances and instruments
332 Manufacture of optical/photographic equipment
333 Manufacture of watches and clocks
341 Manufacture of motor vehicles
342 Manufacture of bodies (coach work) for vehicles
351 Building and repair of ships & boats
352 Manufacture of railway and tramway locomotives
353 Manufacture of aircraft and spacecraft
359 Manufacture of transport equipment n.e.c.
361 Manufacture of furniture

All industries
Memo Number of industries with positive TFP growth

Standard deviation (SD) in parentheses.
the coefficient on the freely variable input, labor, is higher under
OLS method as compared to L–P procedure. Illustratively, under
OLS, the coefficient on worker equals 0.371; the same under L–P
method is 0.302, confirming the theoretical and empirical observa-
tions of Levinsohn and Petrin (2003). The bias in the coefficient on
capital depends on the extent of correlation among the inputs and
the productivity shocks. In this case, the estimates under OLS esti-
mate are higher than that under L–P methodology.

Using the coefficients obtained under L–P methodology, we con-
struct an index of productivity and subsequently, calculate the TFP
growth for each industry–year pair. Based on these numbers, we
report the mean TFP growth for each industry as also for the
manufacturing sector as a whole. Table 2 presents the results.

The estimated TFP growth of the manufacturing sector is observed
to be 0.68% per annum for the period as a whole. These numbers
appear to be consistent with recent research which finds the TFP
growth in manufacturing of the order of 0.59% (see, for instance,
Virmani and Hashim, 2011). The estimated growth rate is 1.35% per
annum during the pre-reform period and is positive for 35 (out of
the 45) industries. For the post-reform period, the growth rate is
much lower: 0.34% per annum. Only half of the total of 45 industries
1981–2004 1981–1990 1991–2004

0.13 (3.07) 1.13 (2.76) −0.51 (3.18)
0.34 (3.12) 0.91 (3.13) −0.03 (3.17)
0.02 (2.70) 1.50 (3.09) −0.93 (2.01)
−0.21 (3.75) 0.09 (3.32) −0.40 (4.11)
−0.88 (2.78) −0.34 (2.36) −1.23 (3.05)
0.46 (1.99) 1.18 (2.26) −0.004 (1.72)
0.49 (3.31) 0.83 (2.77) 0.22 (3.72)
−1.16 (4.75) 0.68 (5.13) −2.34 (4.26)
−0.11 (3.71) 1.29 (3.26) −1.01 (3.13)
0.51 (3.69) 0.93 (2.65) 0.25 (4.30)
0.46 (5.92) 0.68 (6.79) 0.32 (4.68)
−0.21 (6.93) 0.72 (3.74) −0.81 (8.47)
−0.17 (3.46) 1.10 (3.23) −0.98 (3.46)
−1.09 (5.01) −0.47 (2.23) −1.49 (6.24)
−0.78 (3.96) −0.68 (5.12) −0.84 (3.22)
−0.61 (3.75) 0.16 (5.43) −1.11 (4.67)
2.01 (2.81) 3.17 (2.89) 1.25 (2.57)
0.55 (1.81) 1.74 (1.59) −0.22 (1.53)
0.50 (2.97) 1.52 (2.48) −0.15 (3.16)
1.29 (4.66) 2.76 (4.75) 0.34 (4.51)
0.50 (4.97) 2.16 (5.01) −0.57 (4.98)
0.48 (3.10) 1.21 (2.17) 0.002 (3.57)
0.56 (3.66) 1.28 (2.97) 0.10 (4.07)
0.64 (3.82) 0.27 (3.98) 0.81 (5.42)
−0.26 (3.37) 0.91 (2.80) −1.02 (3.58)
0.72 (3.26) 1.08 (4.05) 0.48 (2.78)
0.87 (2.18) 1.26 (1.91) 0.62 (2.36)
0.62 (2.33) 1.22 (2.10) 0.21 (2.50)
1.36 (4.70) 0.86 (2.72) 1.68 (5.70)
2.36 (6.62) 4.42 (5.63) 1.03 (7.06)
0.38 (4.11) 1.03 (2.95) −0.04 (4.77)
0.17 (3.69) 0.33 (2.02) 0.07 (4.52)
0.06 (4.18) 0.87 (2.72) −0.46 (4.93)
2.34 (9.68) 1.80 (7.97) 2.68 (10.91)
1.66 (9.61) 3.84 (13.13) 0.30 (5.67)
2.03 (3.63) 2.56 (4.02) 1.69 (3.47)
0.85 (5.35) 0.42 (5.52) 1.13 (4.92)
2.49 (9.33) 1.93 (6.02) 2.85 (12.47)
1.15 (4.87) 2.04 (2.65) 0.58 (5.92)
0.37 (1.42) 1.45 (1.02) −0.32 (1.95)
2.83 (5.20) 1.51 (6.16) 3.69 (5.06)
0.14 (5.41) 0.85 (4.80) −0.32 (5.89)
5.78 (13.62) 3.46 (11.96) 7.27 (14.79)
0.95 (3.12) 0.94 (3.15) 0.95 (3.22)
0.30 (8.89) −1.70 (10.01) 1.88 (8.22)
0.68 (8.39) 1.22 (5.96) 0.34 (9.62)
35 41 24
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report positive growth during this period. The evidence supports ear-
lier findings proffered for India which reports a decrease in TFP
growth in the 1990s as compared to the 1980s at the aggregate
manufacturing level (Das, 2003a; Goldar, 2004; Goldar and Kumari,
2003). Contextually, Virmani and Hashim (2011) argue that manu-
facturing productivity in India has followed a J-shaped pattern,
with overall manufacturing growth slowing down in the initial
years after liberalization, but picking up steam thereafter.

6. Determinants of productivity

6.1. What factors drive industry productivity?

This section examines the determinants of productivity. We classify
the set of possible factors under three heads: the interest rate channel
(IRC), the financial accelerator channel (FAC) and labor market charac-
teristics (LMC). Table 3 provides the empirical definitions of the vari-
ables and the data source.

Under the first channel, we consider interest cost and investment.
High (interest) cost industries are likely to be more sensitive to inter-
est rate changes. If such costs act as a brake on investment, this is
likely to manifest itself in lower productivity, indicating a negative
coefficient on this variable. Second, capital intensive industries will
have higher capital stock in relation to output and the more sensitive
will be the industry with respect to an increase in the cost of capital,
which could dampen productivity.

The second channel is based on the financial accelerator theory. The
first indicator is leverage. Levered industries are likely to encounter great-
er difficulties in obtaining new funds from themarket. Based on this con-
jecture, we expect a negative influence of leverage on productivity. On
theother hand, to the extent that leverage ratio is an indicator of borrow-
ing capacity,more levered industriesmight be able to obtain loans at bet-
ter terms, suggesting a positive coefficient on this variable. Dedola and
Lippi (2005) interpret leverage as an indicator of borrowing capacity,
consistent with the fact that more levered industries are able to obtain
loan on competitive terms. Second, industries with high coverage are
expected to be more creditworthy and therefore, likely to exhibit higher
productivity. Industries with higher working capital requirements have
higher short-termfinancing requirements. If higher short-termfinancing
requirements translate into higher (resp., lower) productivity, the coeffi-
cient on this variable is expected to be positive (resp., negative).

Finally, the size of an industry (size) is often used as an indicator for
the degree of asymmetric information problems in lending relationships.
Agency costs are usually assumed to be smaller for large industries
because of the economies of scale in collecting and processing informa-
tion. As a result, such industries are able to finance themselves directly
through financial markets and are less dependent on banks. To account
for the fact that size varies significantly across industries, we normalize
this variable by defining it as the ratio of total number of workers in an
industry divided by the number of factories.
Table 3
Variable description.

Variable Notation Empirical definition

Interest rate channel (IRC)
Capital intensity Investment Gross fixed capital formation/gross valu
Interest cost Interest Interest payments/gross value added

Fin. accelerator channel (FAC)
Leverage ratio Leverage Outstanding loans/capital
Coverage ratio Coverage Net income/interest payments
Working capital ratio Working Working capital /gross value added
Average factory size Size Ln (number of workers/number of fact

Labor market channel (LMC)
Trade unionism Union Number of employees registered as trad
The final variable is related to labor market features. If an industry
is highly unionized, retrenchment could prove difficult. Trade union
membership represents an important constituent of bargaining power
of workers and it seems likely that highly unionized industries could
exhibit lower productivity. To address this aspect, we include a variable
union. A major limitation of this variable is that the number of trade
unionmembers is reported only from unions submitting returns. More-
over, submission of these returns is purely voluntary. As a result, these
numbers could be under-estimates, since it does not take cognizance
of the members of non-reporting unions. Notwithstanding these
deficiencies, trade unionism is an important component of bargaining
power of workers that helps steer the course of negotiations along a
defined path.

Accordingly, we estimate the following equation for industry s at
time t as given by Eq. (13):

tfpgs;t ¼ α1 IRC½ �s;t þ α2 FAC½ �s;t þ α3 LMC½ �s;t þ α4 YD½ �t þ α5 ID½ �s þ εs;t
ð13Þ

where tfpg is the industry-specific, time-varying measure of total
factor productivity growth; IRC, FAC and LMC are the set of variables
under these three channels, as elucidated earlier. The inclusion of
industry fixed effects (ID) absorbs unobserved heterogeneity in the
determinants of productivity that are industry-specific, while the
year dummies (YD) control for macroeconomic shocks common to
all industries, although neither YD nor ID are reported in the regres-
sions. Finally, ε is the error term.

Table 4 reports the results. We have 23 years of observation for
each industry, hence the maximum number of industry-years is
1035. To ascertain the relative importance of each of these channels,
Cols. (1) through (3) sequentially incorporate the three channels be-
fore combining them together in Col. (4). Throughout, the reported
standard errors take on board the serial correlation in the data by
keeping all observations that belong to the same industry together
(i.e., clustered standard errors).

In Col. (1), investment bears a negative sign, supportive of the fact
that the interest rate channel plays an important role in affecting
productivity. The coefficient on investment indicates that a rise in
investment by 10% lowers productivity by 0.6 percentage points.
The magnitude is statistically significant at the 0.01 level.

On the other hand, the financial variables that seem to work more
consistently with the financial accelerator hypothesis in explaining
productivity changes are coverage and size. Illustratively, industries
exhibiting higher coverage ratios are better able to contain the costs
of capital, which is manifest in higher productivity. The coefficient
on size is positive. The result is consistent with findings in the litera-
ture which finds evidence to suggest that productivity is higher
in large firms (Lee and Tang, 2001; Nucci et al., 2006; Snodgrass and
Biggs, 1995).
Obs. Mean Std. dev.

e added 1080 0.296 0.270
1080 0.203 0.127

1080 0.938 0.619
1080 17.583 14.616
1080 0.824 0.786

ories) 1080 3.933 0.675

e union members/number of workers 1080 0.388 1.417



Table 4
Effect of industry characteristics on productivity.

(1) (2) (3) (4)

Constant 0.031 (0.012)⁎⁎⁎ 0.003 (0.024) 0.019 (0.007)⁎⁎⁎ 0.030 (0.032)
Investment −0.059 (0.014)⁎⁎⁎ −0.055 (0.013)⁎⁎⁎

Interest −0.044 (0.069) −0.041 (0.072)
Leverage 0.004 (0.003) 0.002 (0.003)
Coverage 0.003 (0.001)⁎ 0.003 (0.001)⁎

Working −0.012 (0.008) −0.009 (0.007)
Size 0.006 (0.003)⁎ 0.007 (0.004)⁎

Union −0.008 (0.004)⁎⁎ −0.009 (0.004)⁎⁎

Year dummies Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes
R-squared 0.1014 0.1088 0.1039 0.1121
Period, industry 1981–2004 1981–2004 1981–2004 1981–2004
N. obs; industry 1035; 45 1035; 45 1035;45 1035; 45

Standard errors (clustered by industry) in parentheses.
⁎⁎⁎ Indicates significance at the 1% level.
⁎⁎ Indicates significance at the 5% level.
⁎ Indicates significance at the 10% level.
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The third model examines the role of institutions, in particular,
the role of trade unionism. The coefficient on the variable union is
negative and statistically significant. In other words, productivity is
lower in more unionized industries. To understand the economic sig-
nificance of this variable, consider an industry with unionization
equal to 3.9, the mean value in the sample. A 100% rise in unioniza-
tion would lower productivity by 0.8%. Given the average produc-
tivity for the entire period, a 0.8% drop would mean a decline in
productivity to 0.67%.

The final model (4) combines all the explanatory variables togeth-
er in a single specification. The earlier results carry over in this case as
well. As well, in the fully augmented model, leverage bears a negative
and significant sign, implying that levered industries could be
constrained in accessing funds, which could adversely impact their
productivity. The fit of the model is highest in this case; model (4)
explains 11% of the variation in the dependent variable.

6.2. Do economic reforms matter for productivity?

A significant body of literature notes that Indian manufacturing
witnessed significant productivity gains, post-reforms, although sev-
eral others report to the contrary. It does not, however, investigate
the time frame over which such changes occur at these enterprises.
Illustratively, studies which report improvements in productivity
after reforms simply note that productivity tended to be substantially
higher after reforms than in the period prior to reforms. Others (Das,
2003a; Srivastava, 2001) uncover evidence of a decline in TFP.
Srivastava (2001) for instance report a decline in TFP during the peri-
od 1990–91 to 1997–98 to 2% per annum as compared to 3.6% during
1980–81 to 1990–91. The estimates by Das (2003a) also suggest that
TFP growth in post-1991 reform period to be either negative or in the
range of 0–2% for most industries.

To investigate this further, Table 5 presents the results of formal tests
for changes in TFP growth by industry around the time when economic
reforms occurred. Two sets of results are reported. In one, the average
levels of TFPG over one to three years following reforms are compared
with the average levels during the period of one to three years before re-
forms. In another set, the average levels of TFP growth over the period of
one to ten years following reforms are compared with the average levels
over the period one to ten years prior to reforms. Since the pre-reform
technological capability of different industries is expected to be signifi-
cantly different, this would suggest that the time frame over which pro-
ductivity gains accrue to industries could differ as well.

The short and long windows both yield similar results. Growth in
productivity, on average, is lower after reforms for most industries, as
compared to that obtaining prior to reforms. Using either the short or
long windows, these increases are however, not statistically significant
in most cases. Only in one case is the effect statistically significant. Con-
sider, for instance, other chemical industries (ind code 242). The TFP
growth in the one to three years prior to reforms far exceeds that for
the three-year window in the post-reform period. These results carry
over to the long period as well. In both cases, these differences are sig-
nificant at the 0.05 level or lower.

On balance, the evidence in Table 5 appears to suggest that pro-
ductivity growth for several key industries declined after economic
reforms. The test, however, does not control for the general level of
economic activity before and after the economic reforms. They are
therefore, not capable of distinguishing between changes in industry
attributes arising from ordinary fluctuations in economic activity and
those due to changes in attributes intrinsic to the industry. To inves-
tigate this further, we perform a series of multiple regressions that
enable us to detect changes in industry attributes occurring during
economic reforms, while controlling for the economic environment.

Towards this end, we include three indicator variables. The vari-
able PRE equals one if the observation is one or three years prior to
the year of reforms, else zero. The Year0 variable equals one in 1991
(year of reforms) and zero, otherwise. Finally, the variable POST equals
one if the observation is for one to three years after the year of reforms,
else zero. Finally, we include the set of observable industry-level con-
trols, as also industry dummies. We repeat the analysis using both the
short and long windows to ascertain the time span over which produc-
tivity gains accrue to industries.

As Table 6 shows, productivity does not exhibit any perceptible rise
prior to economic reforms. The coefficient on PRE is positive, but insignif-
icant in all specifications, using either the short- or the long-window. The
evidence to suggest that productivity growth declines after reforms is
much more compelling especially in the long window, since the coeffi-
cient on POST is significant in two (out of three) cases. The differences
between the coefficients of PRE and POST are statistically significant in
these two cases as well. Since all regressions account for industry-level
controls, including industry dummies, this indicates that productivity
changes appear to be reliably lower after economic reforms Fajnzylber
and Lederman (1999), in contrast, found that productivity increased
during the reforms period in Latin America.

6.3. Reforms and productivity: a disaggregated look

A major focus of the reforms process in India has been the issue as
to which set of reforms exerted a perceptible impact on productivity
growth. A significant body of literature attributes the same to trade
reforms (Chand and Sen, 2002; Das, 2003b; Krishna and Mitra,
1998; Topalova and Khandelwal, 2011), whereas others focus on the
importance of reoriented industrial policies (Aghion et al., 2005,
2008; Kalirajan and Bhide, 2004); yet others point to the ease of



Table 5
Univariate tests: productivity change pre- vs. post-reforms.

Industry code Statistic PRE (−3, −1) POST (+1, +3) t-test PRE (−10, −1) POST (+1, +10) t-test

PRE=POST PRE=POSTSmall window Large window

152 Mean (SD) 0.724 (4.78) 1.532 (4.11) −0.22 1.134 (2.76) −0.142 (3.48) 0.89
153 Mean (SD) 1.087 (1.16) −1.216 (0.96) 2.65⁎⁎ 0.910 (3.13) −0.177 (3.38) 0.73
154 Mean (SD) 2.449 (2.85) −0.092 (3.59) 0.96 1.504 (3.09) −0.632 (2.29) 1.69
155 Mean (SD) −2.404 (0.27) −1.414 (0.58) 2.68⁎ 0.089 (3.32) −0.614 (4.54) 0.39
160 Mean (SD) −1.219 (1.39) −1.050 (0.59) 0.19 −0.335 (2.36) −1.404 (2.37) 0.98
171 Mean (SD) 1.904 (2.43) −0.793 (0.67) 1.85 1.183 (2.26) −0.046 (1.97) 1.26
172 Mean (SD) 2.801 (3.46) −1.721 (4.60) 1.36 0.828 (2.72) 0.417 (3.97) 0.27
173 Mean (SD) 2.796 (5.97) −0.588 (3.03) 0.88 0.677 (5.13) −0.702 (3.59) 0.67
181 Mean (SD) 0.248 (1.37) −0.100 (1.50) 0.29 1.290 (3.26) −0.705 (2.83) 1.42
191 Mean (SD) 2.135 (2.67) 0.658 (3.71) 0.56 0.930 (2.65) 0.006 (5.05) 0.51
192 Mean (SD) −0.828 (1.49) −0.339 (5.06) −0.16 0.678 (7.79) −0.811 (2.99) 0.54
202 Mean (SD) 2.664 (0.59) −6.588 (6.96) 2.29 0.720 (3.74) −3.103 (7.37) 1.45
210 Mean (SD) 2.885 (3.01) −2.059 (1.39) 2.58⁎ 1.104 (3.23) −1.188 (2.91) 1.62
222 Mean (SD) 0.873 (0.77) 0.603 (5.12) 0.09 −0.469 (2.23) −1.038 (7.36) 0.23
231 Mean (SD) 3.109 (0.95) 0.174 (3.51) 1.39 −0.677 (5.12) −0.667 (3.42) −0.005
232 Mean (SD) 0.861 (0.04) −3.343 (7.29) 0.99 0.157 (1.43) −2.349 (4.48) 1.68
241 Mean (SD) 2.354 (1.36) 1.109 (1.93) 0.91 3.167 (2.89) 1.569 (2.67) 1.25
242 Mean (SD) 3.196 (1.55) −0.387 (1.29) 3.08⁎⁎ 1.740 (1.59) −0.486 (1.69) 2.96⁎⁎⁎

251 Mean (SD) 2.952 (1.02) −1.088 (3.04) 2.18 1.518 (2.48) −0.985 (3.17) 1.92⁎

252 Mean (SD) 4.669 (5.25) 0.470 (3.15) 1.19 2.755 (4.75) −0.165 (5.30) 1.27
261 Mean (SD) 3.501 (7.03) −0.482 (7.44) 0.67 2.163 (4.75) −0.698 (5.65) 1.19
269 Mean (SD) 1.350 (1.41) −0.973 (3.19) 1.15 1.213 (2.17) −0.151 (3.56) 1.02
271 Mean (SD) 1.513 (3.13) −1.401 (3.06) 1.15 1.282 (2.97) −0.833 (4.15) 1.29
272 Mean (SD) −0.498 (7.19) −0.792 (3.25) 0.06 0.272 (3.98) 0.229 (4.86) 0.02
281 Mean (SD) 1.782 (2.25) 0.402 (4.50) 0.48 0.915 (2.80) −1.762 (3.78) 1.77⁎

289 Mean (SD) 4.229 (4.45) −1.083 (1.54) 1.95 1.084 (4.05) 0.294 (2.80) 0.49
291 Mean (SD) 1.212 (2.41) −1.372 (2.08) 1.41 1.258 (1.91) 0.251 (2.73) 0.94
292 Mean (SD) 2.866 (1.35) −1.377 (2.82) 2.35⁎ 1.256 (2.10) −0.111 (2.65) 1.25
293 Mean (SD) 1.091 (4.09) 0.551 (4.73) 0.15 0.864 (2.72) 1.989 (6.18) −0.52
300 Mean (SD) 3.265 (8.03) −0.269 (8.51) 0.52 4.419 (5.63) 1.918 (8.10) 0.79
311 Mean (SD) 3.223 (2.46) −2.382 (2.75) 2.63⁎⁎ 1.029 (2.95) −1.820 (4.36) 1.68
313 Mean (SD) 1.631 (2.07) −1.029 (5.17) 0.83 0.328 (2.02) 0.158 (5.39) 0.09
314 Mean (SD) 2.387 (2.83) −0.611 (2.65) 1.34 0.866 (2.72) −0.589 (5.58) 0.73
319 Mean (SD) −3.682 (6.39) 1.791 (7.81) −0.94 1.803 (7.97) 3.816 (11.76) 0.44
321 Mean (SD) 1.628 (2.32) 1.559 (5.43) 0.02 3.835 (3.13) 1.199 (5.38) 1.32
331 Mean (SD) 2.104 (5.33) −0.042 (2.15) 0.65 2.560 (4.02) 1.565 (3.45) 0.58
332 Mean (SD) −5.973 (7.90) 7.612 (3.09) −2.77⁎ 0.420 (5.52) 0.840 (7.78) −0.14
333 Mean (SD) 1.029 (7.28) −2.323 (7.27) 0.56 1.928 (6.02) 3.966 (5.95) −0.74
341 Mean (SD) 2.679 (2.17) −0.807 (5.38) 1.04 2.036 (2.65) −0.723 (6.08) 1.30
342 Mean (SD) 2.263 (2.32) −1.539 (6.94) 0.89 1.451 (7.02) −4.106 (13.91) 1.12
351 Mean (SD) 2.594 (3.48) 5.977 (4.20) −1.07 1.506 (2.16) 5.340 (10.57) −1.12
352 Mean (SD) 1.304 (0.55) 1.610 (4.73) −0.11 0.850 (4.80) −2.397 (5.19) 1.42
353 Mean (SD) 2.187 (2.12) 5.619 (2.19) −1.95 3.465 (1.96) −0.467 (4.79) 2.38⁎⁎

359 Mean (SD) 0.855 (6.32) 0.100 (2.28) 0.19 0.941 (3.15) 0.359 (3.58) 0.37
361 Mean (SD) −3.930 (16.32) 2.179 (3.04) −0.64 −1.698 (10.01) 2.442 (7.59) −1.01

⁎⁎⁎ Indicates significance at the 1% level.
⁎⁎ Indicates significance at the 5% level.
⁎ Indicates significance at the 10% level.
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credit availability as a crucial ingredient for improved productivity
performance (Reddy, 2005). To explore this further, we examine the
impact of each of these policies on productivity growth.

We include severalmeasures to capture the impact of the respective
policies. Under trade policy, using the trade, production and protection
database (Nicita andOlarreaga, 2006),we employ theweighted applied
tariff (tariff), which represents the import-weighted average tariff on
imports.4 If a lowering of trade barriers raises productivity, the coeffi-
cient on this variablewould be negative. Under industrial policy, follow-
ing Aghion et al. (2008), we employ a dummy variable which equals
one beginning from the year in which an industry was delicensed
4 While employing the nominal rate of protection might be more relevant, consis-
tent time-series information on this variable is not available, limiting its applicability
(see, for instance, Nouroz, 2001; Pursell et al., 2007). In order to circumvent this short-
coming in the data, we use the Trade, Production and Protection database (Nicita and
Olarreaga, 2006). Using this database, it is possible to obtain cross-sectional, time se-
ries information on the weighted average tariff (a measure of trade policy) for 28 in-
dustries for 1980–2004.
(delicensed), else zero. To the extent that delicensing of an industry is
associated with improved productivity, a positive coefficient on this
variable is expected. Third, given the positive impact of foreign direct
investment (FDI) on productivity (see, for example, Francois and
Hoekman, 2010), we include the amount of FDI by sector to ascertain
its impact on productivity. Data on this variable is extracted from the
Department of Industrial Policy and Promotion, supplemented with
the National Council of Applied Economic Research (NCAER, 2009).5

Contextually, we also look at the role of services exports in influencing
productivity.6 Finally, under financial policies, we employ the ratio of
gross bank credit as a ratio to GDP (credit), with an expected a priori
5 Matching the data on FDI with industry names provided us with a total of 11 indus-
tries; hence the number of industries/observations is lower.

6 Using time-series data on services exports, we also check whether services exports
Granger-cause manufacturing productivity and vice versa. The evidence indicates that
manufacturing exports did not Granger-cause services exports (p=0.34), although
there is evidence to suggest that services exports Granger-caused manufacturing pro-
ductivity (p=0.08). I am grateful to the referee for highlighting this aspect.
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positive sign.7 Data on gross bank credit are obtained from the Reserve
Bank of India database (Reserve Bank of India, 2008). All regressions
control for industry-specific features and also dummies to account for
industry-level and business cycle considerations.

The results are set out in Table 7. The coefficient on tariff is nega-
tive and significant at the 0.01 level with a point estimate of −0.017.
In other words, higher trade protection lowers productivity growth:
a 10% rise in trade barriers would entail a lowering of TFP growth
by roughly 0.2%. The evidence appears consistent with recent studies
on Indian manufacturing by Sivadasan (2009) and Topalova and
Khandelwal (2011), which indicates a beneficial impact of trade liber-
alization on productivity. Next, we examine the role of foreign direct
investment (Gorg and Strobl, 2001). Clearly, higher levels of FDI
are observed to increase productivity: a 10% rise in FDI improves
productivity by roughly 1%. These magnitudes are lower than those
reported by Fernandes and Paunov (2012) in their study of Chilean
manufacturing. Third, we examine the role of industrial policies. The
coefficient on delicensing is observed to be insignificant at con-
ventional levels. Finally, the credit variable is found to display an
observed positive sign, implying that lack of adequate credit could
be an important factor impeding manufacturing productivity. When
we combine all the policy variables into a single model, the relevant
variables are observed to exhibit the expected signs and remain
significant.

Summing up, the analysis testifies that reforms have not had any
perceptible influence onmanufacturing productivity; the convention-
al interest rate variables besides the financial accelerator variables
and labor market characteristics are relevant in explaining productiv-
ity differentials across industries. Importantly, among major econom-
ic policies, trade liberalization, foreign direct investment and bank
credit play an important role in influencing productivity growth.

7. Summary and conclusions

The reforms exercise in India, undertaken as part of the overall
restructuring since the early 1990s, was aimed at improving the
growth prospects of the economy. Central to the process was improv-
ing the levels of productivity in the manufacturing sector. Most stud-
ies on industrial productivity fail to account for the sample selection
and simultaneity bias and therefore, arrive at misleading conclusions
of productivity changes.

In this context, the present study employs advanced econometric
techniques to compute productivity of the Indian manufacturing sec-
tor since 1980 that encompasses the economic reforms program.
Industry-level productivity measures were obtained as the difference
between actual and expected output, where the latter is the fitted value
from the estimation of a production function. The estimated production
function follows from the strategy suggested by Levinsohn and Petrin
(2003) to account for endogeneity problems.

In the second stage of the investigation, we evaluate the factors
affecting manufacturing productivity. The evidence indicates that in
addition to the interest rate and financial accelerator channels, the
labormarket channel is also relevant in explaining productivity change,
although the relative importance of the various factors under each of
the channels varies markedly. The results appear to indicate that
among major economic policies, trade liberalization and bank credit
seem to have played themost significant role in explaining productivity
change.

We evaluate the period over which economic reforms are mani-
fest in productivity changes. Here again, the evidence suggests that
7 Matching the data on deployment on gross bank credit (GBC) across industries
with industry names provided us with information on a total of 19 industries; hence
the number of industries/observations is lower when credit is employed as an indepen-
dent variable.



Table 7
Regression results: productivity and macroeconomic policies.

Trade policy Direct investment Industrial policy Financial policy Combined policies

Constant −0.012 (0.032) −0.064 (0.031)⁎⁎ −0.129 (0.082) 0.030 (0.032) −0.021 (0.059)
Tariff −0.017 (0.008)⁎⁎ −0.027 (0.015)⁎

Ln(1+FDI) 0.102 (0.043)⁎⁎⁎ 0.098 (0.039)⁎⁎⁎

Delicensing 0.003 (0.010) 0.019 (0.012)
Credit 0.003 (0.001)⁎⁎ 0.011 (0.005)⁎⁎

IRC Yes Yes Yes Yes Yes
FAC Yes Yes Yes Yes Yes
LMC Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes
R-squared 0.1807 0.1206 0.1021 0.1077 0.3231
Period, industry 1991–2004 1991–2004 1981–2004 1991–2004 1981–2004
N. obs, industry 644; 28 161; 11 1035; 45 275; 19 195; 13

Standard errors (clustered by industry) in parentheses.
⁎⁎⁎ Indicates significance at the 1% level.
⁎⁎ Indicates significance at the 5% level.
⁎ Indicates significance at the 10% level.
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improvements in productivity are not reliably higher after reforms
than prior to reforms. The results are remarkably robust. It is apparent
in simple univariate comparisons as well as in multivariate regres-
sions that control for industry and year effects. Judged thus, there
seems to be a role for macroeconomic policies in impacting produc-
tivity in the post-reforms period. The Indian case is a testimony to
this fact.
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